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  The estimation of retention factors by correlation equations with physico-chemical 
properties can be of great helpl in chromatographic studies. The retention factors were 
experimentally measured by RP-HPTLC on impregnated silica gel with paraffin oil using 
two-component solvent systems. The relationships between solute retention and modifier 
concentration were described by Snyder’s linear equation. A quantitative structure-reten-
tion relationship was developed for a series of s-triazine compounds by the multiple li-
near regression (MLR) analysis. The MLR procedure was used to model the relationships 
between the molecular descriptors and retention of s-triazine derivatives. The physico-
chemical molecular descriptors were calculated from the optimized structures. The phy-
sico-chemical properties were the lipophilicity (log P), connectivity indices (χ), total 
energy (Et), water solubility (log W), dissociation constant (pKa), molar refractivity 
(MR), and Gibbs energy (GibbsE) of s-triazines. A high agreement between the experi-
mental and predicted retention parameters was obtained when the dissociation constant 
and the hydrophilic-lipophilic balance were used as the molecular descriptors. The em-
pirical equations may be successfully used for the prediction of the various chromato-
graphic characteristics of substances, with a similar chemical structure. 
 
KEY WORDS: physico-chemical properties, retention factors, correlation relationships  
 
 
INTRODUCTION 
 
  1, 3, 5-Triazines (or s-triazines) are a class of compounds well known for a long time, 
which are still the subject of considerable interest, mainly because of their applications in 
agriculture as the basis for various herbicides (1). Furthermore, some s-triazines display 
important biological activities. The effects that are widely exploited in drug industry are 
their anticonvulsant properties, as well as potent antimalarial and bactericidal activity (2). 
In addition, their anticancer activity has been demonstrated as well. For their rich biolo-
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gical activity, pharmaceutical industry is each day trying to introduce novel derivatives 
that could improve drug properties and reduce side effects. Even though having a wide 
array of therapeutic effects in humans, carcinogenic and mutagenic effects of some s-tria-
zine derivatives on living organisms have been demonstrated (3). Because of different 
biological activities, new triazines become interesting for different purposes. In this pa-
per, particular attention was given to fourteen synthesized derivatives of 6-chloro-s-tria-
zine with different substitutes in the positions 2 and 4 and to their expecting activities.  
  The behaviour of biologically active compounds can be explained on the basis of mo-
lecular interaction in terms of molecular structure and physicochemical properties of the 
compounds (4). A change in the structure may result in a change in the biological respon-
se. The same basic intermolecular actions determine the behaviour of chemical compo-
unds in both biological and chromatographic environments. Moreover, it is well known 
that for predicting a given physicochemical property, the relationship between the che-
mical structure and the desired property must be quantified. Such relationship between a 
chromatographic parameter (determined by physicochemical properties of both, mobile 
phase, stationary phase and eluted substance) and molecular descriptors, characterizing 
the molecular structure of the analytes, is known under the acronym QSRR: Quantitative 
Structure-Retention Relationship (5). To obtain a QSRR model, the compounds must be 
represented by the molecular descriptors that retain as much structure information as pos-
sible. A large number of descriptors (structural, topological, constitutional, electronic and 
geometric) and physico-chemical properties have been proposed in the literature (6). 
Theoretical calculations of various molecular descriptors and physico-chemical properties 
can be obtained with special computer programs.  
  In the present study, the retention of s-triazine derivatives is assumed to be governed 
by their physico-chemical properties (lipophilicity (log P)), molecular refractivity (MR), 
total energy (Et), water solubility (log W), dissociation constant (pKa), Gibbs energy 
(GibbsE), and the theoretical topological indexes (connectivity index (χ)) of different 
orders. Hence, all these quantities were calculated for the compounds under study. The 
objective was to develop models for accurate quantitative relationships between the mo-
lecular structure and the retention parameters of s-triazine derivatives on impregnated si-
lica gel stationary phases based on their molecular properties and to identify those mole-
cular descriptors that are most sensitive to the retention parameter, RM
0. Mathematical 
modelling of these interactions helps one to find a model that can be used to obtain a 
deep understanding of the mechanism of interaction and to predict the retention indices, 
as well as estimation of the characteristics of new chemical compounds without the need 
to synthesize and test them (7, 8). The QSRR equation was obtained by stepwise multiple 
linear regression (MLR). 
 
EXPERIMENTAL 
 
Thin-layer chromatography 
 
  Samples were spotted on the plates by means of a micro-pipette. The TLC was perfor-
med on 20×20 cm glass plates precoated with impregnated silica gel. The thin layer of the 
impregnated silica gel was prepared by suspending 25 g silica gel 60 GF254 (Merck) in APTEFF, 44, 1-321 (2013)    UDC: 543.544:[541.5/.6+547.236 
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100 ml diethyl ether containing 2.5% paraffin oil. To ease the visualization, fluorescent 
indicator F254 (Merck) was incorporated into the layers. The impregnated silica gel layer 
was developed using the following mobile phases: acetonitrile-water (φ = 0.2-0.6; v/v), 
acetone-water (φ = 0.5-0.8; v/v), ethanol-water (φ = 0.5-0.8; v/v). The plates were develo-
ped to a distance of 15 cm by the ascending technique at room temperature, with previous 
saturation of the chamber with mobile phase. Dark spots were observed under UV light 
( = 254 nm).  
 
Sample preparation 
 
  The investigated compounds were 1,3,5-triazines substituted at positions 4 and 6 by 
smaller and larger groups with various lipophilic characteristics, chosen for the investiga-
tion, are presented in Table 1. The compounds were synthesized in the laboratory of the 
Department of Organic Chemistry at the Faculty of Technology and Metallurgy, Univer-
sity of Belgrade. All of investigated s-triazine derivatives were synthesized by the modi-
fied procedure of Thurston from cyanuric chloride and corresponding amines (9).  
 
Molecular modelling 
 
  Molecular modelling was performed by using CS Chem-Office Software version 7.0 
(Cambridge) running on a P-III processor (10). All molecules were constructed by using 
Chem Draw Ultra 7.0 and saved as the template structures (10). For every compound, the 
template structure was suitably changed considering its structural features, copied to 
Chem 3D 7.0 to create a 3-D model and, finally, the model was cleaned up and subjected 
to energy minimization using molecular mechanics (MM2). The minimization was per-
formed until the root mean square (RMS) gradient reached a value less than 0.1 
kcal/mol·A. For calculating the lipophilicity parameters, the lowest energy structure for 
each model was used. All calculations and complete regression analysis were carried out 
by Data Analysis and Graphing Software Origin, Version 8.1. (11). 
 
Table 1. Chemical structures of the studied s-triazines 
 
N
N
N
N
H
N
H
Cl
RR
 
Series I 
Compound  R 
I.1 -CH(CH3)-C6H5 
I.2 -CH(CH3)-C6H4-4-CH3 
I.3 -CH(CH3)-C6H4-4-Cl 
I.4 -CH(CH3)-C6H4-4-Br 
Series II 
Compound           R  n 
II.1 
(CH2)n
CH3
3 
II.2 4 
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Table 1. Continuation 
 
 
RESULT AND DISCUSSION 
 
Chromatographic evaluation of selected s-triazines 
 
Besides, a very good fit of equation (1): 
 
 S R R M M  
0                                                      (1) 
 
where φ is the volume fraction of organic solvent in the mobile phase, RM
0 is the intercept 
was obtained by extrapolation to φ = 0% of the modifier, and S is the slope of the linear 
plot. The statistics from Table 2 illustrate different calculated RM
0 values for various mo-
difiers used. Higher RM
0 values were obtained for acetonitrile (average value 4.221) than 
for ethanol (average value 2.988), and acetone (average value 2.674). A higher RM
0 value 
indicates a greater lipophilicity. The observed differences are most probably a consequen-
ce of the different chemical natures of the three organic modifiers and indicate that the 
values basically reflect the same molecular properties of the solute in the mobile phases 
used, but these properties contribute differently to the retention (Table 2).  
 
The molecular descriptors and QSRR models 
 
  The prediction of the physicochemical properties of chemical compounds on their 
retention behaviour is of a great importance. In order to develop a mathematical model 
for prediction of the lipophilicity of the molecules, and to study the retention mechanism 
we employed the parameters representing the principal interaction in RP-TLC.  
N
N
N
N N
Cl
R R
R1 R2  
Series III 
Compound  R R1 R2
III.1 C6H11 H H 
III.2 C6H11 CH3 CH3
III.3 C6H11 C 6H5 H 
III.4 C6H11 C 6H5 C 6H5 
N
N
N
N
H
Cl
Cl
R
 
Series VI 
Compound           R  n 
IV.1 
(CH2)n
CH3  
3 
IV.2 4 
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  The molecular descriptors are the basic tool for any QSRR approach. They encode 
structural chemical information and are useful for a better understanding of molecular 
properties. The descriptors obtained after applying the variable selection routine served as 
the input data for the MLR analysis, and are presented in Table 3. 
 
Table 2. Regression data for the linear relationships RM - φ according to Eq. (1) for  
s-triazine derivatives 
 
 
 
Table 3. Molecular descriptors used in this study 
 
 
 
  The development of a QSRR model requires a diverse set of data, and, thereby a large 
number of descriptors have to be considered. The data reduction is very important in 
diminishing data redundency that could lead to low predictivity of the models. Thus, the 
descriptors with the same values for all the compounds were discarded. To further reduce 
the data, a correlation matrix was generated to study the data patterns. Finally, the selec-
tion of a set of appropriate descriptors from the large number of them requires a method 
which is able to discriminate between the parameters. Pearson's correlation matrix has 
been performed on all descriptors (Table 4). The presented descriptors show high correla-
tion with the retention parameters and do not intercorrelate among each other. A more re-
liable mathematical model for defining the best correlation between the retention constant 
of the investigated synthesized s-triazine derivatives and different molecular parameter 
values, was obtained using MLR. For obtaining better models for the prediction of reten-
Compound 
Water-acetone Water-acetonitrile Water-ethanol 
RM
o S r  RM
o S r  RM
o S r 
I.1  1.892 -2.753 0.997 2.905 -5.405      0.985  2.933 -4.648 0.997 
I.2  2.352 -3.240 0.999 3.850  -6.97  0.993 2.921 -4.224 0.997 
I.3  2.589 -3.526 0.999 4.578 -8.307 0.985 3.847 -5.652 0.993 
I.4  2.418 -3.267 0.996 5.169 -9.324 0.984 3.580 -5.252 0.992 
II.1  2.878 -3.976 0.999 3.246 -5.953 0.946 2.929 -4.116 0.998 
II.2  3.218 -4.274 0.999 4.793 -8.495 0.969 2.323 -3.226 0.995 
II.3  3.750 -4.914 0.998 5.320 -9.222 0.976 3.215 -4.277 0.991 
III.1  2.626 -3.501 0.998 5.072 -7.764 0.993 2.650 -3.768 0.997 
III.2  3.364 -4.187 0.999 5.497 -8.370 0.987 3.798 -4.637 0.995 
III.3  3.154 -4.022 0.998 5.718 -8.650 0.983 3.677 -4.973 0.991 
III.4 3.946 -4.889 0.999 5.880 -8.393 0.987 4.436 -5.725  0.995 
IV.1  1.867 -2.601 0.999 2.334 -4.304 0.996 1.635 -2.694 0.996 
IV.2  2.013 -2.740 0.998 2.465 -4.415 0.996 1.809 -2.851 0.996 
IV.3 1.364 -2.102 0.999 2.257 -4.163 0.996 2.091 -3.155  0.995 
Comp.  logP 
kow  AlogP  ClogP pKa  logW  MR  Et  G 
0χ 
1χ
 2 χ 
3χ
 4 χ
 
I.1  5.07  5.25  4.85  3.019 -4.400 106.361 3.391 820.19 17.648 12.114 10.766 8.457  7.126 
I.2  6.16  5.66  5.85  4.216 -4.400 116.444 3.527 817.77 19.388 12.901 12.010 9.278  7.429 
I.3  6.36  6.00  6.28  3.346 -4.410 115.971 5.063 777.07 19.388 12.901 12.010 9.278  7.429 
I.4  6.85  6.18  6.58  3.162 -4.465 121.607 7.714 829.57 19.388 12.901 12.010 9.278  7.429 
II.1 5.88  4.95  5.32  3.45  -4.000  90.399  33.636  628.69  14.924  9.965  9.988  7.322  6.491 
II.2  6.86  5.78  6.44  3.884 -4.320  99.602 26.337 621.33 16.338 10.964 10.695 7.822  6.844 
II.3  7.85  6.56  7.55  2.001 -3.000 108.804 41.901 613.97 17.752 11.964 11.402 8.322  7.197 
III.1 5.96 4.91 5.40 4.155 -3.330 90.327 21.101 615.47 14.493 10.292 9.024 6.921  6.071 
III.2  6.86  5.78  5.48  6.84  -4.980  98.796 30.761 675.09 16.233 11.147 9.847  8.289  6.659 
III.3  8.17  6.07  7.21  4.691 -4.120 113.516 30.554 799.79 18.476 13.292 11.552 9.401  8.396 
III.4  10.39  6.97  9.02  -  -  136.705 39.737 984.11 22.459 16.292 14.079 11.881 10.725 
IV.1 3.81 3.82  3.12  1.715  -3.510  64.709  21.498  445.79  10.888  7.073  7.005  4.868  4.409 
IV.2 4.30 4.21  3.67  1.778  -3.760  69.309  17.739  442.11  11.596  7.573  7.358  5.118  4.586 
IV.3 4.79 4.64  4.23  0.955  -3.520  73.911  25.401  438.43  12.303  8.073  7.712  5.368  4.763 APTEFF, 44, 1-321 (2013)    UDC: 543.544:[541.5/.6+547.236 
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tion of s-triazine compound, QSRR analysis was aimed to correlate the three variables 
(molecular descriptors) with the retention constant, RM
0. The corresponding statistical 
parameters of the defined equations are shown in Table 5. The best model was selected 
on the basis of various statistical parameters like the square of the correlation coefficient 
(r
2), square of the correlation coefficient adjusted by degree of freedom (r
2(adj)), stan-
dard error of estimates, standard deviation  (SD), and F the F-test value.  
 
Table 4. The correlation matrix for the s-triazine compounds 
 
 
 
Table 5.  Statistical parameters for multilinear dependence between RM
0 and three 
variables of the molecular descriptors 
 
 
 
  The results of this investigation indicate that the retention constants of the tested com-
pounds are governed by the partition coefficient, logP, and dissociation constant, pKa. 
The lipophilicity, as a pharmacokinetic descriptor, has an important effect on the retenti-
on behaviour, and this parameter is usually related to the retention parameter, RM
0. To 
conclude, the results of this study indicate that Clog P is suitable for prediction of reten-
tion behaviour of the investigated series of s-triazines. By observing the correlation of 
RM
0 with different molecular descriptors, it could be concluded which chromatographic 
system is the best for the prediction of the retention behaviour of s-triazines investigated. 
The data presented in Tables 5 show that acetonitrile-water is the best RP TLC system for 
prediction and the modifier of second choice is acetone. In order to check the validity of 
the shown mathematical models (Eqs. 2-4), the calculations of the retention parameter va-
lues (RM
0) were performed, using that equation, and they were compared with the experi-
mentally obtained data. A good correlation between the experimentally obtained retention 
constant values and the values calculated by using the chosen mathematical model was 
observed. Its compatibility is also confirmed in the following plots (Figures 1-3). 
 
 
Comp.  logP 
kow  AlogP  ClogP pKa logW MR  Et  G 
0χ 
1χ
 2 χ 
3χ
 4 χ
 
logP 
kow  1 0.918  0.973  0.001 0.536 0.833 0.494  0.729 0.820 0.867  0.843  0.867  0.918 
AlogP   1  0.959  0.093 0.296 0.929  0.241 0.792 0.921 0.918 0.928 0.916 0.895 
ClogP     1  0.021 0.471 0.891 0.378  0.761 0.878 0.901 0.906 0.893  0.923 
pKa     1   0.721 0.103 0.167  0.134 0.089 0.079  0.057  0.114  0.001 
logW       1  0.257  0.528 0.235 0.260 0.337 0.291 0.315 0.463 
MR        1  0.032 0.951 0.997 0.988 0.989 0.985 0.944 
Et         1  0.154 0.048 0.032 0.019 0.045 0.192 
G       1 0.953 0.960 0.931 0.962  0.926 
0χ       1 0.988 0.992 0.987  0.945 
1χ
             1  0.979  0.995  0.977 
2χ              1  0.981  0.952 
3χ
                1  0.976 
4χ
                  1  
Modifier Descr.  RM
0 = a + bD1 +  cD2  +  dD3
RM
0  D1  D2 D3 a b c d r
2 r
2adj SD F n
0 Eq. 
Acetone  Clog P  pKa E t 0.008 0.281 0.151 0.024 0.868 0.824 0.288 19.733 2 
Acetonitrile  Clog P  pKa
3χ -0.277 0.966 0.432 -0.315 0.902 0.869 0.469 27.684 3 
Ethanol  Clog P  Et
3χ -0.417 -0.189 0.015 0.523 0.859 0.818 0.354 20.467 4 APTEFF, 44, 1-321 (2013)    UDC: 543.544:[541.5/.6+547.236 
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Figure 1. Plot of the predicted versus the experimentally observed retention parameters 
for acetonitrile-water as mobile phase 
 
 
Figure 2. Plot of the predicted versus the experimentally observed retention parameters 
for acetone-water as mobile phase 
 
 
Figure 3. Plot of the predicted versus the experimentally observed retention parameters 
for ethanol-water as mobile phase APTEFF, 44, 1-321 (2013)    UDC: 543.544:[541.5/.6+547.236 
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  The analysis of these results indicates that the proposed models can correctly repre-
sent the relationship between the retention parameters of the investigated compounds on 
impregnated silica gel and different molecular descriptors calculated for various com-
pounds solely from the molecular structure. These models are suitable for prediction of 
the retention of structurally similar compounds under the same chromatographic condi-
tions.  
 
CONCLUSION 
 
  In the present study, the QSRR methodology was used to investigate the relationships 
between the chemical structure of s-triazine derivatives, their physicochemical properties 
activity and the chromatographic retention. The established three-parameter models show 
satisfactory correlation and predictive power. The MLR statistics confirmed the impor-
tance of the hydrophobic interactions in the total retention mechanism of the investigated 
s-triazine compounds. The validity of the models has been established by the determina-
tion of corresponding statistical parameters.  The predictive ability of the MLR model 
and equations based on physically meaningful parameters allow one to estimate the lipo-
philicity of similar compounds.  
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ПРИМЕНОМ ВИШЕСТРУКЕ ЛИНЕАРНЕ РЕГРЕСИЈЕ ОДАБРАНИХ 
МОЛЕКУЛСКИХ ДЕСКРИПТОРА  
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Београд, Србија  
 
  Циљ овог рада је моделовање зависности између молекулских дескриптора и 
ретенцоног понашања с-триазина. Ретенциони параметри су експериментално од-
ређени применом хроматографије на обрнутим фазама на танком слоју импрегни-
раног силика гела. Као покретна фаза користио се двокомпонентни систем раства-
рача. Вишеструка линеарна регресија коришћена је за примену QSRR (quantitative 
structure-retention relationships). Физичко-хемијски дескриптори су рачунати у одно-
су на оптимизоване структуре. У раду су коришћени: липофилност (log P), индекс 
повезаности (χ), укупна енергија (Et), растворљивост у води (log W), константа ди-
социјације (pKa), моларна рефрактивност (МR), Gиbss-ова енергија (Gиbss energy). 
Изузетно  добра  слагања  су  постигнута  између  експерименталних  и  израчунатих 
вредности ретенције, када су у модел систему као независне променљиве кориш-
ћени: log P, log W и pKa. Емпиријске једначине се могу врло успешно користити за 
предвиђање различитих хроматографских карактеристика супстанци сличних хе-
мијских структура. 
 
Кључне речи: QSRR, ретенционо понашање, деривати с-триазина, молекулски де-
скриптори 
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